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DESCRIPTION 
_^MAG NETIC ELEM ENT^ 

TECHNICAL FIELD 
The present invention relates to magnetic elements for use in 
a variety of electronic equipment. 

BACKGROUND ART 

Magnetic ferrite, such as spinel type ferrite that has iron 

oxide, zinc oxide, nickel oxide and magnesium oxide as the main 

ingredients, has been used as magnetic core material for magnetic 

elements for use in electronic circuits. These magnetic core 

materials are used in magnetic elements to be used in low frequency 

electronic circuits up to circuits operating at 200MHz by adjusting 

the compounding ratio of the main ingredients based on Mn-Zn 

ferrite, Ni-Zn ferrite or Mg ferrite and the amount of additives. 

The magnetic elements used in these electronic circuits realize 

various characteristics by utilizing complex magnetic permeability 

H = ji' - n" x I (\i 9 ' magnetic permeability; p"- loss component) 

of the magnetic ferrite used as the magnetic core. 

Furthermore, as illustrated in Japanese Patent Laid-Open 

Application JP H05-36517, magnetic elements that use hexagonal 

ferrite having iron oxide, barium oxide and strontium oxide as the 

main ingredients are recently used in electronic circuits operating 

in frequency bands beyond 200MHz. 

However, with the conventional magnetic ferrite, as the loss 
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component ji" drastically increases at frequencies below lGHz, the 
limit of use of magnetic elements that use conventional magnetic 
ferrite as the magnetic core is 1GHz. On the other hand, advances 
in the technology toward higher frequencies in association with a 
trend of digitization of electronic equipment that use these magnetic 
elements are remarkable. As a result, it is important to realize 
components that can cope with higher frequencies in order to 
process high-speed and large-capacity signals. 

SUMMARY OF THE INVENTION 
The magnetic elements of the present invention include a 
sintered body of magnetic ferrite prepared by firing mixed powder 
having iron oxide, cobalt oxide and zinc oxide as the main 
ingredients, a conducting coil formed on the fired body, an 
insulating material that covers at least the conducting coil, and two 
or more external electrodes connected to the conducting coil. These 
magnetic elements can be used in frequency range beyond 1GHz. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of an insulator used in a magnetic 

element in embodiment 1 of the present invention. 

Fig. 2 is a partially cutaway perspective view of an 

inductance element in embodiment 1 of the present invention. 

Fig. 3 is an illustration of the structure of an impedance 

element as a magnetic element in embodiment 2 of the present 

invention. 

Fig. 4 is a perspective view of an impedance element as a 
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magnetic element in embodiment 2 of the present invention. 

Fig. 5 is a perspective view of a ring-shaped core as a 
magnetic element in embodiment 3 of the present invention. 

Fig. 6 is a partially cutaway view of a common-mode noise 
filter as a magnetic element in embodiment 3 of the present 
invention. 

Fig. 7 is an external view of a ferrite core as a magnetic 
element in embodiment 4 of the present invention. 

Fig. 8 is a partially cutaway view of an antenna element as a 
magnetic element in embodiment 4 of the present invention. 

DETAILED DESCRIPTION 
Referring to drawings, a description of the magnetic elements 
of the present invention will be given in the following embodiments. 
Embodiment 1- 

A description of embodiment 1 of the present invention will 
be given referring to Fig. 1 and Fig. 2. 

Fig. 1 is an illustration of the construction of an insulator to 
be used in an inductance element as a magnetic element in 
embodiment 1 of the present invention. Fig. 2 is an illustration of 
the structure of an inductance element that uses the insulator. 
Table 1 shows the composition of examples used in embodiment 1 
and composition of magnetic ferrite as control examples. 

The inductance elements as described in embodiment 1 of the 
present invention have insulator 1 composed of magnetic ferrite 
having composition shown in Table 1, and conducting coil 2 formed 

on the surface of insulator 1 and made of copper or silver. The 
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inductance elements further have insulating layer 3 made of resin 
and the like on the surface of conducting coil 2 and external 
electrodes 4 connected to both ends of conducting coil 2. 

A practical description of the method of manufacturing the 
inductance elements will be given in the following together with a 
description in detail of the structure and electrical characteristics of 
the inductance elements thus manufactured. 

Commercial iron oxide powder, zinc oxide powder and cobalt 
oxide powder as starting materials of magnetic ferrite are 
compounded at the ratio as shown in Table 1, a proper amount of 
pure water is added to the compound, the compound is mixed in a 
ball mill, and mixed powder is obtained by subsequently drying at 
120°C. Calcined powder of ferrite is obtained by calcining the 
mixed powder at 900°C and then pulverizing it in a planetary ball 
mill to a particle size of 8^im or smaller. Granulating powder 
having an average particle size of the order of 200jim is fabricated 
by adding a proper amount of a PVA (polyvinyl alcohol) solution to 
the calcined powder of ferrite, and kneading. 

Insulator 1 is obtained by subsequently filling the 
granulating powder in a mold, molding under a predetermined 
molding condition, and firing in a temperature range 1200 to 1300°C, 
for example, in which the sintered body will become dense. 

Conducting coil 2 is then formed by winding a wire around 
insulator 1, insulating layer 3 is subsequently formed by using an 
insulating resin or an insulating inorganic material, and inductance 
elements as shown in Fig. 2 are obtained (exemplary embodiments 1 
to 11). 
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For comparison, an inductance element (control example l) 
that uses alumina as the material for insulator 1 and an inductance 
element (control example 2) that uses hexagonal ferrite for the 
material of insulator 1 are fabricated. Table 1 shows the 
characteristics of these inductance elements. 



Table 1. 







Fe 2 0 3 
(Mol %) 


CoO 
(Mol %) 


ZnO 
(Mol %) 


Inductance 
(nH) at 
2GHz 


Frequency 
(GHz) at 
max Q 


I EE. 1 


CoZn 
Ferrite 


48 


45.5 


6.5 


4.0 


2.5 


EE. 2 


50 


47 


3 


3.1 


2.6 


EE. 3 


50 


42 


8 


4.5 


2.3 


EE. 4 


45 


52 


3 


3.4 


2.6 


EE. 5 


44 


42 


14 


3:4 


2.6 


EE. 6 


42 


52 


6 


3.4 


2.6 


EE. 7 ] 


42 


44 


14 


3.4 


2.6 


EE. 8 


48 


41 


11 


3.2 


2.7 


EE. 9 


42 


55 


3 


3.0 


2.8 


EE. 10 


42 


42 


16 


3.2 


2.7 


EE. 11 


41 


49 


10 


3.2 


2.7 


Control 
Ex. 1 


Alumina 








2.0 


3.2 


Control 
Ex. 2 


Hexagonal 
Ferrite 








4.0 


0.8 



Comparing the results of exemplary embodiments 1 through 
11 with the result of control example 1 in Table 1, it is observed that 
the inductance is larger as the magnetic permeability \i 9 of the 
magnetic ferrite used is larger, indicating a great improvement in 
characteristics as inductance elements for use in high frequency 
circuits. 

It is also observed that the frequency at which Q value of the 
inductance element of control example 2 shows a maximum value at 
around 0.8GHz indicating that the loss at frequencies beyond 1GHz 
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increases so much that the inductance element cannot be used in the 
GHz band. On the other hand, the frequency at which the Q value 
reaches at a maximum of any of exemplary embodiments 1 to 11 is 
in the range 2 to 3GHz suggesting that any of these exemplary 
embodiments can be used in the GHz band. 

Here, the compounding ratio of iron oxide is preferably 
50mol% or smaller as the Q value tends to decrease when the 
compounding ratio is larger than 50mol% when converted to Fe203. 
Also, the compounding ratio of zinc oxide is preferably at least 
3mol% as the inductance tends to decrease when the compounding 
ratio is smaller than 3mol%. 

It is also confirmed that similar advantages are obtainable 
when the oxides to be used as the ingredients or sub-components to 
be used as additives of the composition are oxides or carbonates 
having different valence such as any of CoO, C02O3, C03O4, C0CO3. 

Also, in fabricating insulator 1, similar advantage is 
obtainable by laminating green sheets and cutting or punching them 
to a desired size, in addition to the method of compression molding 
using granulating powder. 

Also, in forming conducting coil 2, similar advantage is 
obtainable by forming a spiral coil by forming a film over the entire 
surface by plating or other thin-film formation technology and 
spirally cutting it by laser cutting or with a grind stone. 

Also, a magnetic material may be blended in insulating layer 

3 thereby to further increase the value of inductance. The 

magnetic material to be blended in insulating layer 3 is preferably 

powder of magnetic ferrite in accordance with the present invention. 
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Furthermore, it is most preferable that the particle size of the 
magnetic ferrite powder be 45fim or larger as the Q value increases 
as the particle size increases. 

Using insulator 1 that uses magnetic ferrite primarily 
composed of ferric iron, cobalt oxide and zinc oxide as the magnetic 
core and constructing an inductance element as illustrated in Fig. 1 
in this way, an inductance element is realized that can be used in a 
high frequency range beyond 1GHz. In addition, a desired value of 
inductance, an increase in the value of inductance, or 
miniaturization of an inductance element can be realized. The 
higher the magnetic permeability \l' of the magnetic ferrite is, the 
higher the inductance value can be designed, thus enabling 
downsizing. 

Also, the smaller the loss component ^i" of the magnetic 
ferrite used is, the larger the Q value can be increased. And the 
larger the Q value is in the frequency band to be served, the more 
superior high frequency inductance element can be provided, 
Embodiment 2. 

Referring to Fig. 3 and Fig. 4, a description of embodiment 2 
of the present invention will be given. 

Fig. 3 and Fig. 4 are illustrations of the structure of an 
impedance element as a magnetic element in embodiment 2 of the 
present invention. 

The impedance element in embodiment 2 of the present 

invention has conductor 5 such as platinum or palladium and 

magnetic ferrite 6 formed by laminating a green sheet of magnetic 

ferrite in a manner vertically sandwiching conductor 5. 
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Furthermore, two external electrodes 7 connected to both ends of 
conductor 5 that is formed in the inside are provided. Here, 
magnetic ferrite 6 is an insulator. 

An impedance element to be used as a noise-reduction 
component is realized by covering conductor 5, being a signal line, 
with magnetic ferrite 6. By setting the frequency at which the loss 
component |i" of magnetic ferrite 6 drastically increases as a cut-off 
frequency, the impedance value of the impedance element selectively 
increases at frequencies beyond the cut-off frequency, and noises 
having frequency components higher than the cut-off frequency are 
eliminated. The higher the magnetic permeability \i y of magnetic 
ferrite 6 is, the higher the impedance value can be designed, thus 
providing a superior impedance element. 

A description on practical aspects of the method of fabrication 
of exemplary embodiments 12 to 22 will be given in the following 
together with a detailed description of the structure of the 
impedance elements thus fabricated and their electrical 
characteristics. 

Iron oxide, zinc oxide, and cobalt oxide are compounded at 
the ratios shown in Table 2, a proper amount of pure water is added 
to the compound, the compound is mixed in a ball mill, and then 
dried at 120°C to obtain mixed powder. Calcined powder of ferrite 
is obtained by calcining the mixed powder at 900°C and then 
pulverizing it to a maximum particle size of 8(im in a planetary ball 
mill. Ferrite slurry is obtained by adding to this calcined ferrite 
powder proper amounts of butyral resin and butyl acetate and fully 
dispersing them in a ball mill. 
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Subsequently, ferrite green sheets are obtained from the 
ferrite slurry thus obtained by means of a doctor blade. Using 
platinum paste, a pattern of conductor 5 is printed on a ferrite 
green sheet. The ferrite green sheet on which the pattern of 
conductor 5 has been printed and two or more ferrite green sheets 
on which no pattern of conductor 5 is printed are laminated to a 
desirable thickness, followed by cutting to individual pieces to 
obtain molded chip products. Sintered bodies of magnetic ferrite 6 
on an inner layer of which conductor 5 has been formed are obtained 
by firing the molded chip products at 1200 to 1300°C. By forming 
on both ends of magnetic ferrite 6 two external terminals 7 that 
are connected to both ends of conductor 5, an impedance element as 
illustrated in Fig. 4 is completed. 

Control example 3 is an impedance element fabricated by 
using hexagonal ferrite. Table 2 shows electrical characteristics of 
the impedance elements thus obtained. 

The results shown in Table 2 indicate that exemplary 
embodiments 12 to 22 are superior as impedance elements because 
the cut-off frequency, namely, the frequency at which impedance 
becomes 10Q, is higher than that of control example 3, suggesting 
that they can be used as noise filters in GHz band and that the 
impedance value is larger as the magnetic permeability \i' of the 
magnetic ferrite used is larger. 

By the way, as the impedance value tends to decrease as the 

compounding ratio of iron oxide increases beyond 50mol% when 

converted to Fe2C>3, the compounding ratio is preferably 50mol% or 

smaller. Also, as the impedance value tends to decrease as the 

9 



compounding ratio of zinc oxide becomes smaller than 3mol%, the 
compounding ratio of 3mol% or larger is preferable. 



Table 2. 







(Mol %) 


(Mol %) 


Zj 11 w 

(Mol %) 


vUl VLJ. 

Frequency 
(GHz) 


impedance 
Value 
(Q) 


EE. 12 


CoZn 
Ferrite 


48 


45.5 


6.5 


1.3 


90 


EE. 13 


50 


47 


3 


1.3 


81 


EE. 14 


50 


42 


8 


1.2 


95 


EE. 15 


45 


52 


3 


1.3 


85 


EE. 16 


44 


42 


14 


1.3 


85 


EE. 17 


42 


52 


6 


1.3 


85 


EE. 18 


42 


44 


14 


1.3 


85 


EE. 19 


48 


41 


11 


1.4 


82 


EE. 20 


42 


55 


3 


1.4 


81 


EE. 21 


42 


42 


16 


1.4 


82 


EE. 22 


41 


49 


10 


1.4 


82 


Control 
Ex. 3 


Hexagonal 
Ferrite 








0.5 


30 



Also, the platinum pattern as conducting coil 5 to be 
internally formed need not necessarily be a meander shape, and a 
spiral coil may be formed by laminating a ferrite green sheet 
through a via hole. In that case, as the impedance value decreases 
when the spacing between an end portion of spiral conducting coil 5 
and external electrodes 7 is short, it is preferable to make the 
spacing wide. It is most preferable that the spacing be 200jim or 
larger. 

Also, while the material for forming conducting coil 5 may be 
palladium or an alloy of platinum and palladium, platinum or 
palladium is preferable from the standpoint of obtaining a higher 
conductivity. 
Embodiment 3- 

Referring to Fig. 5 and Fig. 6, a description of embodiment 3 
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of the present invention will be given. 

Fig. 5 and Fig. 6 are illustrations of a common-mode noise 
filter as an embodiment of a magnetic element of the present 
invention. 

As illustrated in Fig. 5 and Fig. 6, the common-mode noise 
filter of embodiment 3 has ring-shaped core 9 made of magnetic 
ferrite and two conducting coils 10A, 10B formed on the surface of 
ring-shaped core 9 and made of copper or silver. On the surface of 
conducting coils 10A, 10B are provided insulating material layer 11 
made of resin and the like and four external terminals 12 connected 
to the terminals of the two conducting coils 10A, 10B. 

Common-mode noise filters used in a differential signaling 
line of electronic circuits in general are of a structure in which two 
conducting coils 10A, 10B are wound in the same direction around 
ring-shaped core 9 made of magnetic ferrite. By adopting this 
structure, magnetic coupling of the two differential signaling lines 
can be enhanced by utilizing magnetic permeability \i' of the 
magnetic ferrite used and common-mode component can be 
eliminated. The smaller the loss component n" of the magnetic 
ferrite used is, the smaller the loss of the signal level to be 
transmitted becomes, thus a superior common-mode noise filter can 
be obtained. By using the magnetic ferrite of the present invention 
as ring-shaped core 9 in such a structure, a common-mode noise 
filter that can be used in GHz band can be realized. 

A description of the method of fabrication of the 

common-mode noise filter will be given in the following together 

with a detailed description of the structure of the common-mode 
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noise filter in embodiment 3. 

To begin with, granulating powder of calcined ferrite powder 
having a compounding ratio as shown in Table 3 and an average 
particle size of 200fim is prepared through the same process as in 
embodiment 1. Ring-shaped core 9 is obtained by forming the 
granulating powder into a shape of a ring and firing it at 1200 to 
1300°C. Common-mode noise filters as shown in Fig. 6 are 
fabricated (exemplary embodiments 23 to 33) by forming on 
ring-shaped core 9 two conducting coils 10A, 10B by making double 
windings in the same direction, subsequently forming insulating 
layer 11 by resin molding, and finally forming external electrodes 12 
connected to the terminals of two conducting coils 10A, 10B. 

Control example 4 uses, as the material for ring-shaped core 
9, hexagonal ferrite with a compounding ratio as shown in Table 3. 



Table3. 







Fe 2 0 3 
(Mol%) 


CoO 
(Mol%) 


ZnO 
(Mol%) 


Coupling 
Coefficient 


EE. 23 


CoZn 
Ferrite 


48 


45.5 


6.5 


0.8 


EE. 24 


50 


47 


3 


0.78 


I EE. 25 


50 


42 


8 


0.84 


EE. 26 


45 


52 


3 


0.78 


EE. 27 


44 


42 


14 


0.78 


EE. 28 


42 


52 


6 


0.78 


EE. 29 


42 


44 


14 


0.78 


EE. 30 


48 


41 


11 


0.78 


EE. 31 


42 


55 


3 


0.76 


EE. 32 


42 


42 


16 


0.77 


EE. 33 


41 


49 


10 


0.77 


Control 
Ex. 4 


Hexagonal 
Ferrite 








! 0.50 



Table 3 shows characteristics of the common- mode noise 
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filters thus obtained. 

From the results of Table 3, it is known that the 
common-mode noise filters of exemplary embodiments 23 to 33 have 
larger coupling coefficients as the magnetic permeability \i 7 at 1GHz 
is larger than that of control example 4, thus making loss 
component n" smaller. 

By the way, as the coupling coefficient tends to decrease when 
the compounding ratio of iron oxide is larger than 50mol% when 
converted to Fe2C>3, the compounding ratio is preferably 50mol% or 
smaller. Also, as the coupling coefficient tends to decrease when 
the compounding ratio of zinc oxide is smaller than 3mol%, the 
compounding ratio is preferably 3mol% or larger. 

Also, while ring-shaped core 9 provided with windings is 
molded with insulating layer 11 for the ease of surface mounting in 
this embodiment, similar advantage is obtained when two 
conducting coils 10A, 10B are directly connected without resin mold. 
Embodiment 4- 

A description of embodiment 4 will be given referring to Fig. 
7 and Fig. 8. 

Fig. 7 and Fig. 8 are illustrations of an antenna element as a 
magnetic element of the present invention. 

The antenna element of embodiment 4 has ferrite core 13 

made of magnetic ferrite and conducting coil 14 formed on the 

surface of ferrite core 13 and made of copper or silver. 

Furthermore, conducting coil 14 has insulating material layer 15 

made of resin on its surface. 

A detailed description of the antenna element of embodiment 
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4 will be given in the following together with a description of the 
manufacturing method. 

To begin with, granulating powder of calcined ferrite having a 
compounding ratio as shown in Table 4 is obtained by the same 
process as embodiment 1. After molding the granulating powder 
into the shape of a rod, it is fired at 1200 to 1300°C and is then cut 
to the shape as illustrated in Fig. 7 to obtain ferrite core 13 for an 
antenna element. Subsequently, a film of a low resistance metal 
such as copper or silver is formed by plating, for example, over the 
entire surface of ferrite core 13 followed by spirally cutting the 
formed metal film to make conducting coil 14. 

Subsequently, antenna elements of exemplary embodiments 
34 to 44 are fabricated by covering ferrite core 13 over which 
conducting coil 14 has been formed with insulating material layer 
15 by resin molding, as shown in Fig. 8. 

Control example 5 is an antenna element that uses a resin 
core of similar configuration, and control example 6 is an antenna 
element that uses hexagonal ferrite for ferrite core 13. 

Table 4 shows radiation losses of the antenna elements 
obtained and the size effects of the antenna elements as a 
percentage relative to the size of an antenna element that uses resin 
as the core. 

From the results of exemplary embodiments 34 to 44 shown 
in Table 4, it is known that the larger the value of magnetic 
permeability \i 9 of the magnetic ferrite used is, the smaller is the 
size of the antenna element than the one that uses resin as the core. 
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Table 4. 







(Mol%) 


CoO 
(Mol%) 


ZnO 
(Mol%) 


Size 

(%> 


Radiation 
Loss (dB) 


TCF 34 

Jul Hi . u^r 


CoZn 
Ferrite 


48 


45.5 


6.5 


85 


1.7 


FF 3Fi 

ill Hi . OkJ 


50 


47 


3 


83 


■1.9 


FF 3fi 
Hi Hi . O VJ 


50 


42 


8 


80 


-1.9 


EE. 37 


45 


52 


3 


83 


-1.7 


FF Qft 
Hi Hi . 00 


44 


42 


1 4 




-1.9 


EE. 39 


42 


52 


6 


83 


-1.7 


EE. 40 


42 


44 


14 


83 


1.9 




48 


41 


11 


83 


-1.9 


EE. 42 


42 


55 


3 


82 


-1.9 


EE. 43 


42 


42 


16 


83 


-1.7 


EE. 44 


41 


49 


10 


83 


-1.9 


Control 
Ex. 5 


Resin 








100 


-0.5 


Control 
Ex. 6 


Hexa- 
gonal 
Ferrite 








Unmea- 
surable 


-8.8 



Also, as control example 6 shows, the radiation loss of an 
antenna element that uses hexagonal ferrite as ferrite core 13 is 
large and the size of the antenna element cannot be precisely- 
determined. 

It is also known that, while radiation loss of the antenna 
element that uses hexagonal ferrite for ferrite core 13 is as large as 
-8.8dB, that of any of exemplary embodiments 34 to 44 is -2.0dB or 
smaller, indicating that the radiation loss is small enough for 
practical use in the 2GHz band. 

By the way, as for the compounding ratio of iron oxide, 
50mol% or smaller when converted to Fe203 is preferable because 
the radiation loss increases when it is larger than 50mol%. As for 
the compounding ratio of zinc oxide, 3mol% or larger is preferable 
because the advantage of size reduction decreases when it is smaller 
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than 3mol%. 

It is also confirmed that similar advantages are obtainable 
when the oxides to be used as the ingredients or sub-components to 
be used as additives of the composition are oxides or carbonates 
having different valence such as any of CoO, C02O3, C03O4, C0CO3. 

Connection with a circuit can be made by soldering or 
caulking, and it is preferable to provide screw threads on the 
connecting section to secure strength of connection. 

As the method of providing threads, powder press method 
using a split die may be used in addition to machining. 

Also, for metal plating, Ag, Cu, Au, Al, Ni, Pt, Pd can be used, 
and Ag and Cu that have large conductivity are more preferable 
among them. 

As for the method of forming conducting coil 14, similar 
advantage is also obtainable by winding a wire or making a coil by 
punching a metal plate. 

Also, a thin film of a nonmagnetic material may be formed 
between the surface of ferrite core 13 and conducting coil 14. 

Also, the antenna elements may be covered by resin molding 
or capped with a molded resin case. 

Also, needless to say, as the present invention utilizes an 
effect of wavelength reduction due to magnetic permeability \i\ 
similar advantages can be obtained with antenna elements like 
patch antennas in addition to the above-described helical antennas. 

INDUSTRIAL APPLICABILITY 

As has been described above, the present invention relates to 
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magnetic elements that employ magnetic ferrite having iron oxide, 
cobalt oxide and zinc oxide as the main ingredients, and provides 
magnetic elements that can be used in electronic circuits operable in 
GHz band. 
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